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ABSTRACT 


A calculational method is presented for determining 
the flow quantities produced by the residential weeping 
tile systems. Application of equations based on Darcy's law 
and the continuity equation will allow theoretical calculations 
of weeping tile flow quantities to be made for situations 
where only soil conditions and prevailing hydrological 


Src ormacion is known. 
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fos “LN ERODUCT ION 


The installation of weeping tiles for residential 
property drainage has riased the question of what should be 


done with the collected quantity of water. The possibilities 


are: 

1. connection to the sanitary sewer 

2. connection to a storm sewer 

3. proper grading with runoff away from the 

house 

4. storage of excess wet weather flow 

5. overflow treatment 

6. diversion of roof leader. 

To make a proper decision, the flow quantity per 
subdivision must be estimated. The investigation of the problem 
has been presented here on a per house basis. Because of 


the inapplicability of previously collected experimental data 

for use in a new drainage situation, it is necessary to calculate 

the expected flow in the weeping tile by a theoretical analysis. 

The combinations of Mecha tes used to characterize the flow 

have sound theoretical and physical bases and have proven 

to be correct in several experimental situations. a 
Requirements for using the calculational procedures 

are a thorough knowledge of the physiography and soil conditions 

of the area, a proper perspective in the judgement of the 


hydraulic situation, and knowledge of the technique used in 


laying the weeping tile. 
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be divided into several phenomenological situations. 


Le 


For characterization, the weeping tile flow can 
(1) 


ime tra arora limbo vine Sol iatcthe start of: a rainfall 


(a) The initial infiltration is characterized by 

a time lag, from the start of the rainfall to the 
initial observation of flow in the tile. 

(b) When the infiltration water reaches the water 
table, it may be necessary for the water table to rise 
to the weeping tile level before flow will begin. Thus, 
the time lag is also dependent on the location of the 
water table level. 

(ec) For the occurrence of a short rainfall the 

water table may not rise sufficiently to reach the 
weeping tile and no flow will be observed. 

Plow to tne weeping tile 

(a) The flow to the weeping tile is calculated on the 
basis of the effective land area under the influence of 
the drain and the maximum rise of the water table 
height if no drainage were to occur. 

(b) The vVaovation in drain flow follows the variation 
in thesraintal? intensity but with a time delay 
corresponding to the infiltration time. 

Decrease in weeping tile flow after rain has ceased 

(a) Once the rainfall has stopped, the tile flow 
continues but decreases in an exponential manner over 

a period of time until the flow eventually ceases. 

Gay) The time required for the flow to cease after 


the rainfall has stopped is dependent on the depth 
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of the impermeable barrier below the tile level. 

The time interval for the flow to cease decreases 

as the depth between the impermeable boundary 

and the weeping tile increases. 

The example calculation in Section 4.5 shows the 
roof flow quantity to be 43% of the total flow. On this basis, 
the roof runoff contribution may be greatly reduced on larger 
lots where the drain pipe from the eavestrough may be extended 
beyond the calculated distance of weeping tile area of influence. 

In addition, it may be possible to reduce the weeping 
tile flow further by proper erading of the lots so that runoff 


flow is away from the houses. 


= 7 


Bi 1 ei 
Si tindsdaee ei; 7 

be dic ope aint verte 

be oe 10 bevel eg 


he Yes te cots tine Giet ie 


’ 


a 
at 


| 7 uetba sg sang as | anita oes = 
7 ot ie aT, 
; z 2 


2.0 REPLENISHMENT OF THE WATER TABLE 


The rate at which water moves into the water-table 
Benemis determined by che infiltration rate through the “soil? 
Overall, the rate at which the water replenishes the water 
table zone is not the same as the rate of rainfall. The 
factors which influence the replenishment rate are: 
1. Soil moisture at the time of the rain storm. 
Before water can percolate down to the water 
table zone the soil above the water table must 
become saturated. 
The moisture content of the soil at the start 
of precipitation determines the amount of, and 
time at which, the water percolates into the ground- 
water Zone 
2. Interception losses 
Some of the water which falls is intercepted by the 
vegetation and never reaches the soil surface. 
The amount of interception depends on the grass, 
presence of shrubs, flower gardens, and trees. 
The amount of interception is also dependent on the 
rate of precipitation. 
3. Deep Seepage 
While precipitation is occurring there may be 
seepage through layers lying beneath the drain 
level. This deep seepage must be subtracted from 


the rainfall to obtain the amount of tile flow. 
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4. Surface runoff 
The amount of surface runoff will depend 
Cupcne G60il gnipitration rate, the slope 
of the land surface, the rate of precipitation, 
and the soil moisture content. 

5. Evapotranspiration 
Some of the water which falls will be 
evaporated from the soil surface and some will 
be transpired by the vegetation. 


In general the replenishment rate may be expressed 
by 


Cnep F Qorecip , (eee ; Qaeep ee 2 | 


where ep = the replenishment rate 
Qorecip = the precipitation rate 
= 1 te 
anes the interception ra 
Qdeep = the deep seepage rate 
Q = the runoff rate 
r 
a = the evapotranspiration rate. 


Estimates of peak runoff rates may be made using 


the ‘rational meenedt >? ; in ite simplest term, 


Qe = CiA 
where ae is the design peak runoff rate, 
cis 
C is the runoff coefficient 
i is the average rainfall intensity 
in inches per hour for the design 
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duration time equal to the 
time of concentration 


is the drainage area in acres. 


3.0 WEEPING TILE DESIGN EQUATIONS 


The following is a summary of the equation required 
[oecciimate weeping tile flow quantities. The symbole are 
listed in the nomenclature section. 

1. Infiltration - the initial process of water seepage 
through dry or drained soil to reach 
the water table. 


Plow quantity: 


Mame, to ~each the water table) ievers 


nsh,, y y 
t = a - Infl+ —-+ 
Ke Dep ( A aren ae 
2. Weeping Tile Drainage - the quantity flowing through 


the drain as a function of the average rainfall 
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OS RL 
Condition 1: Drain located at water table (Fig.1) 
ne eate 22 E (L-20,,8) | ce 
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Condi tion 2: Drain located below the water table 
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Btcure 7. Drain Located at Water Table(®) 
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Time for Drainage after Precipitation Ceases (Fig. 3) 


The time for flow to cease after precipitation 
stops is obtained from the dimensionless curve of 
Figure 4. The volume of water removed at any time 


during the drainage may be obtained from Figure 5. 
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Figure 3. Conditions for Unsteady State 
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4.0 SAMPLE CALCULATION OF WEEPING TILE FLOW 


To illustrate the above technique for calculating 
conditions for weeping tile flow, an example is worked out for 
a typical house and surrounding property. Figure 6 shows the 
layout of a house in Niagara Falls from which experimental 
data has been aptamnea® >>. 

The weeping tile is 10.2 em(4") clay tile “andi tne 
Pewrmidiyac 0.95 cm (3/8") crushed stone. Whe eitecuive 


Z 


Poor rain area 1s 105.9 m (1140 oe The total length of 


Pie weeping tale is 44.65 m (146.5 ft). 


4.1 Hypothetical Rainfall 
Assume for calculational purposes a hypothetical 
Boral imotezeo4 em (1.0 inch) }with a duration/or 675 here 
and a maximum intensity of 0.76 cm/hr (0.3 in/hr) occurring 
@iter 2 hours. An intensity - time curve for this rainfall 
is shown in Figure 7. The average intensity is taken to be 
Pee wemom, ar (0.1538 in/hr). 
Pe ect) Conditions 
Using the experimental results from the previous 


C8510) 


weeping tile study in addition to other information the 


assumed soil properties are listed in Table 1. 


Table 1... Som Propert ues 
Saturation coefficient sy= 0.25 
Storage coefficient s! = 0.08 


Perosity, n=, 0.220 


k= 02174 cm/min- CO.0685  1n/ min) 
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Figure 6. Niagara Falls House and Surrounding 


Property. 
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tea Infiltration Time 
To determine the time for the rain to produce a flow 
in the weeping tile, it is necessary to know the distance to 
the impermeable barrier. For this example, we will assume 
that the impermeable barrier is located just below the bottom 
periphery of the weeping tile as shown in Figure 8, and the 
water table is at this level. 


Assuming the following conditions for infiltrations: 


vy = 182.8 om ( 5) aie) 

he =e. 9 “ome (eco. ia 

iS O25 

Bee Se Oo 

ke =k = 092741 cm/min O00 Gooey mine 


Using equation (2) 
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Therefore 30 minutes will elapse before the rain will 
reach the weeping tile. If both the impermeable barrier and the 
water table are farther below the weeping tile level, the 
time lag before flow will begin will be longer, due to the extra 
infiltration distance and the time required for the free 


surface to reach the tile. 
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Figure 8. Dimensions for Example Calculation. 
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BOr example, if 97 = 197,898 om (75094 any with the 
other conditions the same, the infiltration time to the free 
eurtuce will be 32.43 min forwan extra 10 cm (3.9% in). 

In addition, the water must rise to the weeping tile level 
through this distance of 10 cm. 


For a rise of 10 cm, the: quantity of rain required 


iS 

Vice = nsAh 

rain 
where V__.. is the volume of rain 

rain 

required, omyeam~ , Ah is the distance 
of rise, cm. 

ce) Ve = OT 25h eee ee 

rain 


= 0.625 cmGg 2 ean) 

Thus, 0.625 cm of rain are required to raise the water 
table 10 cm. Using Figure 7, the area under the intensity- 
time curve gives the cumulative quantity of precipitation up to 
time, t. For the required quantity of 0.625, the area under the 
Cumvesupe.O 1.8 hrs.(108.75 min) gives the value of 0.625 om 
(approximately). Therefore, the minimum total time before 
WeeDingwtiie.tlow begins is 108.75 min or am increase of 76.32 
min as compared to the situation when the water table level is 


at the tile level. 


i.u Effective Weeping Tile Field Area 


The horizontal distance perpendicular from the tile 
which is effective for drainage is calculated from equation 
(3). The maximum height of rise of the water table is calculated 


from the total rainfall using the relation 


(oe 0S 25 eg 


eit Bees) aa P98 .0 = 
ain a0? @arut cf Beyzupes ore wler te ote.0 , avait 
aueienetn: sft tebnv ere es.) acl gassed yao 08 Bigeye 
ot ae ceityteqioptg °6 wtitwacp 3y 6 fom aa aevis evi? ae: T 
pitt egatite fn te ae Jace. tO Mt hInby,: Ys uges ait tet ae eames | 
os Peale ts Bute .6ht aovig (at- or) ent Bh es de ovo 
exoT AU Stee lever inintcntct 407 , sangeet (yy fotsmivougges? 
€oor +o bthentestst Hervyo abt 2) eh4 2S ethhag, wolt elt gniqeew 
at trae Sfdey astray hi! <aiw nottestia 842 09 De oe ain 
level eLf¢. sit 2s 


gets bist) SItT so tig sab avi¢est3S 848 
aLc7 acy She Seeeeifueqiag ¢2a4cerh Is itosiated off 


deiseupe Gee betetioias 4. oasniach spt avirowig af dotdw 

Ay La cf 
Segetietca =) SI0Rd tetew sit to oe) to ahgien mini —e 
anteaters wit aaliew Distales | oe" att ane 


oe hain! 2 


where ho» Ts" the® total paeinrver.. 
Pain 
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For the drain located at the water table, 


foe oer s E (L-2018) | Pet ta (3) 


If the impermeable layer is located just below the drain 
periphery, it may be assumed that H = 0 and equation (3) 


degenerates to 
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If the average rainfall rate is’ 0.391 cm/hr 
OPege0065) “em/min’ {0.00256 in/min) ;°the actwal "amount 
inppitrating the soil is lower due togrunofrf® andictorage 
depression, interception and evaporation. Therefore, assuming 


the efollowing set of conditions ,for*this example; 


Runoff and Storage Depression 21% 
Interception | 3% 
Evaporation 1% 

1% 
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Thus 26% of the rain will not reach the weeping 
tile. The average rainfall rate reaching the tile may then 


be taken as 


R= 0.00651 “em/min’ *-0774 
=—“O0700482 om/min COCOCLOR iar aman 7 
5 Z 


L = 40.64 RO 
0.00482 
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This is the distance influenced by the weeping tile. 


4.5 Volume of Rain Drained by Weeping Tile 

For the calculation of property area influenced 
by the drain, the corner areas are neglected and if the 
distance between houses is less than the calculated 2L, the 
actual distance divided by 2 is used. 

For the example of the Niagara Falls house, we will 
assume all the houses on the street are identical in property 
size, house, and driveway dimensions. From Fisure 6, both 
front and back lawns have dimensions greater than 4.88 meters. 
The distance between the houses is only 4.27 meters (14 ft.) 


whereas 2 L = 4.88 m; therefore, L should -be set at. 2,13 m (7 ft.) 
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thererore, the “rain -fallang’on the*eround=coneri bused 
1.904 i to the tile. The other contribution to weeping 
tile flow comes from the roof eavestrough. Figure 6 shows 
three downspouts from the eavestroughs one which is buried 
BUS96 cir (2 Tt.) into the ground, and the others discharging 
into small ditches leading away from the house. It is assumed 
that 80% of the flow from the buried spout contributes’ to the 
tile, while only 40%, or possibly less, from the other spouts 


contribute to the weeping tile. 
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Assuming the three downspouts divide the flow 


equally, the infiltration volume reaching the tile will be 
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of this rain from the roof and from seepage through the soil. 


4.6 Calculation of L if Impermeable Barrier is Below Drain 
Chi0 5 


For the purpose of comparison, the situation in which 
the impermeable barrier is some distance below the weeping tile, 


as illustrated in Figure 1, is examined and the value of L 
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determined from equation (3). Using h, = 40.64 cm, R = 0.00482 
em/min and k = 0.1741 cm/min, as below, and assume H, the 
distance from the weeping tile to the impermeable barrier is 


Dene cm (1547 an). If the tile radius, -<@aemseUco-em (rin), 
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Thus the distance influenced by the tile is 4.2 ecm 
aewecomperead to 2.4 m when H = 0. This@is an increase of 752 
resulting from an increase of 123% in the water table depth 
due to the impermeable barrier being located 50.0 cm below 


the drain. 


Pr era inage Time 


The time to drain the water table from a maximum 


height, h to the drain level is calculated from Figure 4. 
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Thus shorter drainage times will result when the 


impermeable barrier is below the tile level. 
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Nomenclature 

A area perpendicular to flow, td 

c runoff coefficient 

D height of water table above impermeable barrier, L 
d effective particle diameter, L 

H hydraulic head difference, L and drawdown height L 
he Sepillary rise, L, and capildary mead at ie BOOT Gest 
hy Meaent of water table at distance, “oa ..u 

he water depth on soil ares L 

he head loss in transmission zone, L 

h pressure potential loss in the wetting zone, L 

h maximum water table rise, L 

" Paimrald intensity, in/hr 

k permeability, darcys; and hydraulic conductivity, L/t 
Ke conductivity in the transmission zone, cm/min 

L distance in direction of flow, L 

i! value of 2L 

n porosity 

Q flowrate, iE /t 

ee replenishment rate, Le /t 

pereeis precipitation rate, L°/t 

eee interception rate, Lo /t 

Peer deep seepage rate, L°/t 

QW Cunt ate: L/t 

a the evapotranspiration rate, L°/t 

R rainfall intensity, cm/min 

Ss increment of saturation 

a storage coefficient 
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time, -C 
y-coordinate, length of wetting from soil surface 
LOe wetting, front. 


condition for drain located at the water table, L 
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Greek Letters 


Oy defined by equation (4) 
O12 defined by equation (6) 


6 drain radius, L 
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